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This study examined the relation between the chain food retail environment surrounding schools,
youths’ lunchtime eating behavior, and youths’ obesity levels across three countries. Participants
consisted of 26,778 students 13–15 years old from 687 schools across Canada, Scotland and the US. The
density of convenience stores, chain fast food restaurants, and chain cafe´s within 1 km of each school
was measured. Lunchtime eating behaviors, weight, and height were self-reported. Although the
density of chain food retailers was highest in the US, fewer American students (2.6%) routinely ate their
lunch at a food retailer during the school week than did Canadian (7.7%) and Scottish (43.7%) students.
The density of chain food retailers was associated with eating lunch at a food retailer in Canada only
whereby students attending schools with 1–2, 3–4, and 5þ chain food retailers within 1 km from their
schools were 1.39 (95% CI: 0.84–2.29), 1.87 (95% CI: 1.10–3.20), and 2.50 (95% CI: 1.56–4.01) times
more likely to eat at a chain food retailer compared to students attending schools with no nearby chain
food retailers. No associations were found between chain food retailer density and obesity.
& 2012 Elsevier Ltd. Open access under CC BY-NC-ND license.1. Introduction
Childhood obesity is a global public health problem (WHO, 1998;
Wang and Lobstein, 2006) and there is a need to study its
determinants to develop an evidence base for interventions. Eating
behavior is recognized as an obesity determinant (Popkin, 1993;
Janssen et al., 2005; Schmidhuber and Shetty, 2005; Hawkes et al.,
2009; Wang and Lobstein, 2006) and the food retail environment is
one contextual factor that inﬂuences the eating behavior and weight
status of children (Cummins and Macintyre, 2006). The food retail
environment refers to the quantity and type of food retailers
available to a person. For young people this may include food
retailers in proximity to their home and school. Of particular concern
is the availability of convenience stores, fast food restaurants, and
cafe´s as these retailers sell foods that are affordable to many youth,
calorically dense, and of poor nutritional quality (French et al., 2001;
Bowman et al., 2004; Young and Nestle, 2002; Glanz et al., 2005;
Sallis and Glanz, 2006).nd Health Studies,
Canada K7L 3N6.
.
n).
Y-NC-ND license.The number of fast food restaurants has grown considerably in
recent decades and there has been a cultural shift whereby chain
food retailers have been replacing independently owned and
operated food retailers (Bowman et al., 2004; Nielsen et al.,
2002, Christian and Gerefﬁ, 2010). For instance, globally there
were 31,967 McDonald’s restaurants in 2008, which is double the
number of McDonald’s restaurants in 2003 (McDonald’s Inc.,
2009). The availability, convenience, and affordability of foods
sold at convenience stores, fast food restaurants, cafe´s, and
similar retailers has contributed to secular changes in eating
behaviors (e.g., increased intake of high sugar, processed foods)
and obesity (Sallis and Glanz, 2006; Glanz et al., 2005).
Recent literature reviews (Fraser et al., 2010; Holsten, 2009;
Cummins and Macintyre, 2006; Feng et al., 2010; Fleischhacker
et al., 2010) have reported that the relationship between the food
retail environment, eating behaviors, and weight status varies
across settings. For example, in their review of fast food retailer
proximity and density, Fraser and colleagues (Fraser et al., 2010)
included 9 studies that examined eating behaviors and 14 studies
that looked at weight status. Of the 9 eating behavior studies,
3 found a positive association, 3 found a negative association, and
3 identiﬁed no statistically signiﬁcant associations. Of the 14
weight status studies, 6 found a positive association, 2 found
a negative association, and 6 did not identify an association.
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ings should not be discounted as the direction of the association
was often positive and the studies may have been underpowered.
Furthermore, most of the studies included in the recent literature
reviews studied adults from the US (Cummins and Macintyre,
2006; Fraser et al., 2010; Holsten, 2009; Feng et al., 2010;
Fleischhacker et al., 2010). The relevance of this literature to
youth from other countries remains unclear.
Many of the existing studies that have examined the food
retail environment of youth have focused on food retailers in
proximity to the young persons’ homes. Since school-aged youth
often purchase their lunch and snacks off school grounds
(Johnston et al., 2007; Nielsen et al., 2002), food retailers located
in school neighborhoods may also inﬂuence their eating behavior
and body weight. Although several authors have suggested that
curbing the obesity epidemic among school-aged youth will
require addressing the food environment in and around schools
(Zenk and Powell, 2008; Sturm, 2008; Austin et al., 2005), few
studies have directly assessed the relationship between food
retailers in school neighborhoods with lunchtime eating habits
and weight status (Seliske et al., 2009; Davis and Carpenter,
2009). Moreover, of these studies, conﬂicting results have been
reported. For example, an American study found that youth with
fast food restaurants located within 0.8 km of their school were
6% more likely to be overweight compared to youth attending
schools with no fast food restaurants located within 0.8 km (Davis
and Carpenter, 2009). Conversely, a Canadian study found that
youth with fast food restaurants located within 1 km of their
school were 30% less likely to be overweight compared to youth
attending schools with no food retailers located within 1 km
(Seliske et al., 2009). The differences observed may result from
a variety of factors including whether or not youth actually
consumed foods from the retailers.
Studies that examine relationships between the food environ-
ment surrounding schools, eating behavior, and the body weight
of young people are needed in order to provide robust evidence
about contextual determinants of obesity. Further, the study of
these relationships in different countries will help determine if
the effects of the food environment are consistent in different
parts of the world thus providing guidance regarding interna-
tional policy development and action. It is possible that the chain
fast food environment inﬂuences youth differently in different
countries as a result of cultural differences. For example in
Scotland chip trucks/vans and independent food retailers are very
popular while in Canada and the US chain retailers tend to be
dominant (Bowker et al., 1999; Macintyre et al., 2005). The
purpose of the current study was to determine whether the
relation between the chain food retail environment surrounding
schools, youths’ lunchtime eating behavior, and youths’ obesity
levels are consistent across three different countries.2. Methods
2.1. Study overview
The current study used data from 13–15 year old youth from
three countries (Canada, Scotland, and the US) that participated in
the Health Behavior in School-Aged Children Survey (HBSC). These
countries represent three developed countries that are geographi-
cally and culturally distinct. Youths’ weekday lunchtime eating
behavior and body weight status were assessed via a questionnaire
completed by individual students. The number of convenience
stores, and chain fast food restaurants and cafe´s located within
1 km of the participants’ schools within each country were extracted
using Yellow Pages directories. Multi-level regression analyses wereused to determine if the number of food retailers surrounding the
school was related to lunchtime eating behavior and body weight
status of the student participants within each country. Cross-
national differences in these relationships were explored.
2.2. HBSC survey
The study population consisted of participants from the 2009/
2010 HBSC, a cross-national survey performed in collaboration
with the World Health Organization (Currie et al., 2011). Youth
aged 11, 13 and 15 years are the target for the international study
with a minimum sample size of 1500 students in each age group
(Currie et al., 2011). The 2009/2010 HBSC included 43 countries.
In addition to the mandatory HBSC questionnaire items that were
agreed upon internationally, the three countries studied here
administered an optional dietary module with a question about
where the lunchtime meal during the school week was consumed.
Each of the participating HBSC countries used school class as
the unit of selection, with classroom grades chosen to reﬂect in a
representative manner the national distribution of students aged
approximately 11 (grade 6 in Canada and US, grade Primary 7 in
Scotland), 13 (grade 8 in Canada and US, grade Secondary 2 in
Scotland), and 15 (grade 10 in Canada and US, grade Secondary
4 in Scotland) years. The Canadian and US samples also included
12 (grade 7) and 14 (grade 9) year old students. Eleven and 12
year old students were excluded from the analyses as few of these
students (o1% in all three countries) reported that they usually
ate their lunch at a food retailer, and within all three countries,
many students of this age are not allowed to leave school grounds
during the school day. Schools were selected using a weighted
probability technique to ensure that the sample was representa-
tive by regional geography and key demographic features (e.g.,
religion, community size, school size, language of instruction).
More details on the sampling procedures can be found elsewhere
(Currie et al., 2011). A total of 437, 273, and 317 schools were
included in the Canadian, Scottish, and US samples. The number
of students who completed the questionnaire (ages 11 through
15) in these three countries were 26,078, 6771, and 12,649,
respectively. Based on the inclusion criteria mentioned above
(ages 13 to 15 only), the current study was comprised of 15,532
students from Canada, 4697 students from Scotland, and 6,867
students from the US representing 320, 178, and 189 schools,
respectively.
Information obtained from the HBSC questionnaire included
sociodemographic information (age, sex, socioeconomic status,
etc.), health behaviors (eating behavior, food frequency, physical
activity, smoking, alcohol and drug use, etc.), and a variety of health
determinants. The questionnaire was administered to students in
their classrooms during regular school hours and took approxi-
mately 1 h for students to complete. Ethics reviews for survey
completion were obtained from all participating countries and
consent was obtained from children and their parents or guardians.
The ethics approach adopted in HBSC can be either a passive or
active consent, depending on jurisdictional requirements.2.3. Lunchtime eating
The primary outcome of this study was whether the partici-
pants usually ate their lunch (mid-day meal) during the school
week at a food retailer. This information was based on responses
to the question ‘‘Where do you usually eat your mid-day meal on
schooldays?’’ There were 6 response options to this question (1. at
school; 2. at home; 3. at someone else’s home; 4. in a snack-bar, fast
food restaurant, cafe´; 5. somewhere else, please specify; 6. I never eat
a mid-day meal). Those who selected option 4 were considered to
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store, fast food restaurant, or cafe´ was speciﬁed the student was
also said to have the outcome. This question and response options
in the Scotland questionnaire were worded slightly differently
from the Canadian and US instruments (‘‘On most school days,
what do you do for lunch?’’ 1. school lunch in the dining room or
canteen; 2. packed lunch in school; 3. go home for lunch; 4. buy lunch
from local shop, cafe´, or van; 5. I don’t eat lunch; 6. other, please
specify). Responses for 1 and 2 were combined to represent the
category ‘‘at school’’ from the Canadian and US questionnaires
and the category ‘‘at someone else’s house’’ from the Canadian
and US questionnaires was left blank in the Scotland population.
2.4. Overweight and obesity status
The secondary outcome of this study was overweight and
obesity status, as determined by the self-reported height and
weight of the participants. The body mass index (BMI, kg/m2) was
calculated, and the age- and sex-speciﬁc BMI cut-points advo-
cated by the International Obesity Task Force (Cole et al., 2000)
were used to classify youth as having a normal, overweight, or
obese BMI. These age- and sex-speciﬁc cut-points were derived
from a large international sample. Regression techniques were
used to pass a line through the health-related adult BMI cut-
points at 18 years. Participants with BMI values corresponding to
an adult BMI of o25.0, 25.0–29.9, and Z30.0 were classiﬁed as
normal weight, overweight, or obese, respectively (Cole et al.,
2000). The overweight and obese groups were merged into a
single category to create a dichotomous outcome measure (normal
weight or overweight/obese).
2.5. Covariates
Potential confounders included sex, grade, and family afﬂu-
ence (the validated HBSC measure of socioeconomic status Currie
et al., 2008). Sex and grade were self-reported by students. The
family afﬂuence scale was developed by assessing participants’
answers to 4 questions regarding material conditions of their
household (‘‘Does your family own a car, van or truck’’, ‘‘Do you
have your own bedroom for yourself’’, ‘‘During the past 12 months,
how many times did you travel away on holiday with your family’’,
and ‘‘How many computers does your family own’’). Based on
responses, participants were classiﬁed into low, moderate, or
high family afﬂuence categories (Currie et al., 2008). Physical
activity was not included as a covariate because it is not
associated with the food retailer exposure variable and thus does
not meet the criteria for confounding.
2.6. Measurement of food retail environment surrounding schools
Information on the number of food retailers located within a
1 km circular buffer surrounding each of the schools that parti-
cipated in the HBSC in each of the three countries was obtained
using electronic Yellow Pages databases (Canada, www.yellow
pages.ca; Scotland, www.yell.com; US, www.yellowpages.com).
A distance of 1 km was chosen based on previous research (Austin
et al., 2005; Apparicio et al., 2007; Seliske et al., 2009); this
distance captured food retailers that were within a reasonable
walking distance (10 min or less) to schools. Convenience
stores, fast food restaurants, and cafe´s (including sub/sandwich
shops and donut/coffee shops) were selected as they provide a
wide variety of inexpensive, high calorie, low nutrient foods that
are known contributors to obesity (Nicklas et al., 2001; Sallis and
Glanz, 2006; Glanz et al., 2005). Also, these food retailers match
the response options to the lunchtime eating question that was
part of the HBSC questionnaire.In the Yellow Pages searches for all three countries, school
addresses were inputted and food retailers within 1 km of each
school were identiﬁed. Convenience stores were identiﬁed for
each participating school by using the search term ‘‘convenience
store’’. There is not a single search term that can be used to
capture fast food restaurants or cafe´s in the Yellow Pages search
engine. For instance, many fast food restaurants are listed under
the full service restaurant category. Therefore, we performed
individual searches on the names of the most common fast food
restaurants and cafe´s within each country. Within each country
these searches were guided by food industry reports generated by
Technomic, Inc. (Chicago, IL). Speciﬁcally, the Technomic reports
for Canada and the US included a list of the top 200 chain
restaurants by sales for 2009 and 2010, respectively, and the UK
report included a list of the top 100 chain restaurants by sales for
2010. We separated these chains into fast food and cafe´ (donut/
coffee shop) type chains. For Canada and the US, we determined
which fast food restaurants or cafe´s comprised 75% of the total
sales (Austin et al., 2005). Since the UK Technomic report only
listed the top 100 chain retailers, the equivalent percentile cut-
points for 100 chain restaurants were determined from the
Canada and US reports of the top 200 chain retailers. This cut-
point was 85%. In the end, Yellow Page searches in Canada were
made based upon the name of 12 fast food restaurants and 2 cafe´s,
Yellow Page searches in Scotland were made based upon the
name of 7 fast food restaurants and 4 cafe´s, and Yellow Page
searches in the US were made based upon the names of 18 fast
food restaurants and 3 cafe´s. A list of the fast food restaurants and
cafe´s that were included in the search for each country along with
their total sales is included in Appendix A. Note that with this
approach we assumed that the food retailer sales were similar in
Scotland as in the UK as a whole.
For the purpose of the analyses, 4 categories were created
for each food retailer type (total, convenience stores, fast food, and
cafe´s): 0 stores located within 1 km, 1–2 stores, 3–4 stores, and 5 or
more stores. The category representing 3–4 and 5þ cafe´s were
collapsed due to few schools having 5þ cafe´s located within 1 km.
2.7. Statistical analyses
Analyses were performed using SAS version 9.2 (SAS Institute,
Cary, North Carolina). Overlapping conﬁdence intervals around
the means were used to see if the number of different types of
food retailers surrounding schools varied across the 3 countries.
Within each country multi-level logistic regression was used to
examine associations between the study variables, which
included individual-level variables (lunchtime eating, over-
weight/obesity status, covariates) and area-level variables (food
retailers surrounding schools). Multi-level models were used
because both individual-level variables (e.g., the covariates) and
area-level variables (e.g., the food retailer variables) were being
studied and because it allowed us to adjust the error estimates for
the clustered nature of the data (e.g., participants were clustered
within schools). First, an empty model was used to determine the
interclass correlation coefﬁcient, which provides an estimate of
the proportion of the variation in the outcome that was due to
differences between schools. Next, we examined multivariate
relations that included the food retailer exposure variables and
the covariates that were signiﬁcant (po0.05) in the bivariate
models. Because all the covariates were signiﬁcant in the bivari-
ate models, only the ﬁnal model containing all covariates is
shown. The prevalence of students who ate lunch off school
grounds and the prevalence of students who were overweight
or obese were calculated for each food retail establishment and
category (i.e., fast food retailer: 0, 1–2, 3–4, 5þ retailers within
1 km from the school).
Table 1
Descriptive characteristics of the Health Behavior in School-Aged Children survey participants from the three participating countries.
Canada
(n¼15,532)
Scotland
(n¼4,792)
United States
(n¼6454)
Sex (%)
Boys 49.2 49.2 51.8
Girls 50.8 50.8 48.2
Grade (%)
8 33.9 45.4 38.3
9 34.7 – 32.1
10 31.4 54.6 29.5
Family afﬂuence scale (%)
Low 15.8 12.1 13.9
Moderate 32.6 35.3 35.1
High 51.6 52.6 51.0
Body mass index
Mean (95% CI) 21.2 (21.2–21.3) 19.8 (19.7–20.0) 22.1 (22.0–22.2)
Non-overweight, % 74.6 83.3 65.4
Overweight (including obese), % 25.4 16.7 34.6
Lunch time eating location (%)
At school 67.2 45.6 71.6
At home 17.2 5.9 20.0
Snack bar, fast food, cafe´ 7.7 43.7 2.6
Never eat a mid-day meal 3.9 3.9 3.6
At someone else’s home 2.0 n/a 1.2
Elsewhere 2.1 0.9 1.0
Table 2
Type and number of chain food retailers located within 1 km of schools.
Canada (n¼320) Scotland (n¼178) United States (n¼189) Country differencesa
All food retailers
Mean (95% CI) 3.2 (2.8–3.6) 3.1 (2.5–3.7) 5.1 (4.3–5.8) C, SoUS
0 32.1% 34.1% 22.2%
1–2 24.5% 28.2% 24.7%
3–4 19.7% 17.9% 13.3%
5þ 25.7% 19.8% 39.9%
Convenience stores
Mean (95% CI) 1.6 (1.3–1.8) 1.3 (1.1–1.6) 2.5 (2.1–2.8) C, SoUS
0 45.2% 55.0% 28.8%
1–2 34.9% 23.1% 37.0%
3–4 12.6% 14.7% 18.4%
5þ 7.3% 7.3% 15.8%
Fast food restaurants
Mean (95% CI) 1.2 (1.0–1.4) 0.8 (0.6–1.0) 2.0 (1.7–2.3) C, SoUS
0 53.0% 64.8% 42.7%
1–2 30.7% 24.2% 27.5%
3–4 10.6% 5.1% 14.9%
5þ 5.7% 5.9% 14.9%
Cafe´s
Mean (95% CI) 0.4 (0.3–0.5) 0.9 (0.7–1.2) 0.6 (0.4–0.8) CoS
0 71.0% 65.6% 74.4%
1–2 26.8% 23.8% 20.9%
3–4 1.6% 5.9% 2.9%
5þ 0.5% 4.8% 1.9%
a Country differences identiﬁed by non-overlapping conﬁdence intervals; C¼Canada, S¼Scotland, US¼United States
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Table 1 displays descriptive characteristics of the participants
from each of the three countries. There was a relatively even
distribution by sex and grade within each country. The majority
(50%) of participants in all three countries had high family
afﬂuence. The proportion of participants who were overweight or
obese was higher in the US (34.6%) than in Canada (25.4%,
po0.0001) and Scotland (16.7%, po0.0001). Conversely, the
proportion of participants who normally ate their lunchtime meal
at a snack bar, fast food restaurant, or cafe´ was lower in the US(2.6%) than in Canada (7.7%, po0.0001) and Scotland (43.7%,
po0.0001).
As shown in Table 2, the mean number of food retailers located
within 1 km of schools in Canada, Scotland, and the US were 3.2
(95% CI: 2.8–3.6), 3.1 (95% CI: 2.5–3.7), and 5.1 (95% CI: 4.3–5.8),
respectively. Approximately one third of schools in Canada and
Scotland did not have a food retailer in close (1 km) proximity;
compared to one fourth of schools in the US. Thus, there were
more food retailers surrounding schools in the US than in Canada
or Scotland. Similar observations were made for convenience
stores and chain fast food restaurants.
Table 3
Association between chain food retail environment surrounding schools and eating lunch at a snack bar, fast food restaurant, or cafe´.
Canada (n¼15,532) Scotland (n¼4697) United States (n¼5820)
Prevalence (%) Odds ratioa (95% CI) Prevalence (%) Odds ratio (95% CI) Prevalence (%) Odds ratio (95% CI)
All food retailers
0 4.5 1.0 43.0 1.0 3.0 1.0
1–2 5.7 1.39 (0.84–2.29) 44.1 1.02 (0.70–1.49) 1.8 0.62 (0.25–1.56)
3–4 7.5 1.87 (1.10–3.20) 41.1 1.02 (0.69–1.50) 2.1 0.80 (0.27–2.37)
5þ 11.5 2.50 (1.56–4.01) 43.7 0.98 (0.65–1.46) 3.3 1.21 (0.56–2.61)
Convenience stores
0 4.9 1.0 45.6 1.0 2.5 1.0
1–2 8.3 1.52 (1.04–2.21) 34.1 0.58 (0.41–0.82) 2.8 1.02 (0.47–2.21)
3–4 10.8 1.84 (1.08–3.15) 43.0 0.90 (0.62–1.30) 2.1 1.47 (0.58–3.70)
5þ 11.8 2.55 (1.47–4.44) 52.9 1.23 (0.71–2.12) 3.7 1.83 (0.70–4.78)
Fast food restaurants
0 5.2 1.0 43.1 1.0 2.5 1.0
1–2 9.6 1.60 (1.09–2.34) 44.8 1.09 (0.79–1.50) 1.7 1.12 (0.52–2.43)
3–4 8.8 1.80 (1.09–2.99) 35.1 0.69 (0.37–1.30) 2.6 0.98 (0.42–2.32)
5þ 10.7 2.17 (1.19–3.96) 37.5 0.82 (0.45–1.50) 4.7 1.67 (0.73–3.80)
Cafe´s
0 6.1 1.0 41.1 1.0 2.3 1.0
1–2 10.3 1.49 (1.04–2.15) 47.6 1.33 (0.96–1.84) 3.5 0.96 (0.47–1.95)
3þ 12.5 1.68 (0.66–4.27) 40.7 0.94 (0.63–1.44) 4.7 2.15 (0.54–8.58)
a Controlled for sex, grade, and family afﬂuence.
Table 4
Association between chain food retail environment surrounding schools and overweight (including obesity).
Canada (n¼11,945) Scotland (n¼4697) United States (n¼4928)
Prevalence (%) Odds ratioa (95% CI) Prevalence (%) Odds ratioa (95% CI) Prevalence (%) Odds ratioa (95% CI)
All food retailers
0 28.3 1.0 17.6 1.0 33.9 1.0
1–2 26.4 1.04 (0.85–1.28) 16.0 0.87 (0.61–1.23) 31.9 0.92 (0.74–1.15)
3–4 24.3 0.94 (0.75–1.17) 16.7 0.91 (0.64–1.30) 37.8 1.15 (0.89–1.49)
5þ 25.5 0.97 (0.80–1.18) 16.4 0.89 (0.61–1.29) 34.9 1.01 (0.84–1.23)
Convenience stores
0 26.0 1.0 17.1 1.0 33.4 1.0
1–2 26.4 1.16 (0.99–1.35) 14.9 0.83 (0.60–1.16) 33.7 1.03 (0.86–1.23)
3–4 27.9 1.04 (0.83–1.31) 17.7 1.01 (0.71–1.43) 35.1 1.02 (0.81–1.27)
5þ 24.5 1.00 (0.79–1.26) 17.1 1.05 (0.61–1.80) 37.4 1.11 (0.87–1.40)
Fast food restaurants
0 27.6 1.0 16.8 1.0 32.8 1.0
1–2 26.7 1.01 (0.87–1.18) 17.9 1.03 (0.77–1.38) 38.1 1.20 (0.99–1.45)
3–4 21.9 0.84 (0.68–1.04) 17.8 0.96 (0.51–1.81) 33.9 1.04 (0.85–1.28)
5þ 22.1 0.81 (0.63–1.06) 10.4 0.60 (0.32–1.15) 33.4 0.99 (0.81–1.22)
Cafe´s
0 26.8 1.0 17.8 1.0 34.4 1.0
1–2 25.6 1.09 (0.95–1.26) 15.9 0.84 (0.62–1.13) 34.0 0.99 (0.84–1.17)
3þ 22.2 0.79 (0.53–1.21) 12.9 0.66 (0.42–1.03) 35.7 0.98 (0.66–1.41)
a Controlled for sex, grade, and family afﬂuence.
M. He´roux et al. / Health & Place 18 (2012) 1240–12471244The interclass correlation coefﬁcient values in Canada, Scot-
land, and the US indicated that 8.6%, 1.9%, and 7.4% of the
variation in the lunchtime eating outcome was due to school-
level factors, respectively. Table 3 displays the prevalence and
relative odds that youth ate their lunch during the school week at
a food retailer according to the number of food retailers in the
1 km buffer surrounding their school. Relationships in Canada
were consistent for all food retailers and the different food retailer
types in that the odds of eating at a food retailer increased with
increased food retailer availability. For example, in comparison to
youth who attended a school with no food retailers in its
surrounding environment, the relative odds for eating lunch at a
snack bar, fast food restaurant or cafe´ were 1.39 (95% CI: 0.84–
2.29) for youth who attended a school with 1 or 2 food retailers inits surrounding environment, 1.87 (95% CI:1.10–3.20) for youth
who attended a school with 3 or 4 food retailers in its surrounding
environment, and 2.50 (95% CI: 1.56–4.01) for youth who
attended a school with 5 or more food retailers in its surrounding
environment. Unlike Canada, within Scotland and the US there
were no consistent patterns or associations between the number
of food retailers (all food retailers, convenience stores, fast food
restaurants, or cafe´s) and lunchtime eating behavior.
The interclass correlation values in Canada, Scotland and the
US indicated that 1.5%, 0.1% and 1.4% of the variation in the
overweight/obesity outcome was due to school-level factors,
respectively. Table 4 displays the prevalence and relative odds
of overweight and obesity according to the number of food
retailers in the 1 km buffer surrounding the participants’ schools.
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were observed between the food retailers and weight status.
4. Discussion
The key ﬁndings of this study were that there are cross-national
differences in the chain food retail environment surrounding
schools, student lunchtime eating behaviors, and the relations
between these variables. Although there are more chain food
retailers located within 1 km from schools in the US than in Canada
and Scotland, fewer American students in this age range typically
eat their lunch at a food retailer during the school week. While an
increase in the number of chain food retailers located close to
schools was related to lunchtime eating behaviors in Canadian
students, this was not the case in American or Scottish students.
Findings from previous US studies have suggested that there is
no relationship between student eating behaviors and the presence
of food retailers surrounding schools (Davis and Carpenter, 2009;
Laska et al., 2010; van der Horst et al., 2008). For example, Davis
and Carpenter reported that the relative odds for consuming
vegetables, juice, soft drinks, and french fries were within 5% for
students who attended schools located within 0.5 miles of a fast
food restaurant compared to students who did not attended such
schools (Davis and Carpenter, 2009). The non-signiﬁcant results
reported in these American studies (Davis and Carpenter, 2009;
Laska et al., 2010; van der Horst et al., 2008) may reﬂect the lack of
speciﬁcity of the food outcome measures (e.g., Davis and Carpenter,
2009) or the fact that they measured the total frequency of
consumption, which could be inﬂuenced by home, school, and
other environments. They may also reﬂect a true lack of association
between food retail environments surrounding schools and eating
behaviors within the US. Since only 2.6% of American students in
the current study ate their lunch outside of school, it is perhaps not
surprising that the chain food retail environment surrounding the
US schools was not a determinant of students’ lunchtime eating
behaviors. The wide variety of foods available in a typical American
school offered from food programs, cafeterias, and vending
machines may be more relevant for the lunchtime eating behaviors
of American school children (Finkelstein et al., 2008; Fox et al.,
2009; Pasch et al., 2011; Roverner et al., 2011).
Interestingly, few chain food retailers were identiﬁed within
the 1 km buffers around the Scottish schools. However, the
percentage of students eating their lunch at a food retailer was
considerably higher in Scotland than in the other two countries.
This ﬁnding may be a reﬂection of the popularity of chip trucks/
vans (Bowker et al., 1999) and independent food retailers
(Macintyre et al., 2005) in the UK, which were not captured in
our food retailer measures. This ﬁnding could also be attributed to
cultural differences across the studied countries.
Contrary to the US and Scottish data, within Canadian stu-
dents, lunchtime eating behaviors were related to the number of
chain food retailers located within 1 km from schools. We spec-
ulate that this cross-national difference may be driven by differ-
ences in the variety of foods offered both within and outside of
schools in the three countries as well as in differences in school
policies that may allow children to access outside food sources.
For example, the US offers a variety of food programs within
schools greatly increasing students’ access to food without need-
ing to leave school grounds (Finkelstein et al., 2008; O0Toole et al.,
2007). On the contrary, in the UK, schools frequently do not have
enough dining space for all pupils therefore many children leave
the school premises during their lunch hour (Wills et al., 2005;
Young et al., 2005).
Given the strong association between students’ lunchtime eating
behavior and food retailers surrounding schools in Canada, school-
aged children within this country may beneﬁt from the adoption ofmunicipal or regional (e.g., provincial) policies that regulate the
number of food retailers located within close proximity of schools.
Unfortunately, no studies to date have assessed whether or not
implementing such a policy would be effective. A policy restricting
fast food restaurants in a socioeconomically disadvantaged area in
California was recently implemented but its effectiveness has not
been evaluated (Sturm and Cohen, 2009). In addition, although
several local councils across England have begun to ban new fast
food retailers from opening within 400 yards of schools (Campbell,
2010), no evaluations of this policy have been conducted. However,
there is some evidence that suggests that changing the food environ-
ment can positively impact eating behaviors. For example, the
introduction of a new supermarket in a socioeconomically disadvan-
taged neighborhood in the UK had an impact on the fruit and
vegetable consumption of the adults residing in that neighborhood
(Wrigley et al., 2003). Thus, students eating behaviors may improve if
their schools are surrounded by a healthier food environment.
While the availability of food retailers was related to lunchtime
eating behaviors within the Canadian sample, no relationships were
observed with BMI status in any of the three countries; a ﬁnding
that adds to the mixed results that have been reported in the
literature (Davis and Carpenter, 2009; Seliske et al., 2009; Howard
et al., 2011; Currie et al., 2010). The lack of association observed for
BMI, even within Canada where effects were seen for lunchtime
eating behaviors, may reﬂect that there are many determinants of
obesity other than lunchtime eating. The food environment sur-
rounding schools may inﬂuence eating behavior at lunch during the
school week, but should not inﬂuence breakfast, dinner, weekend
meals, or evening snacks. Furthermore, because youth only attend
school approximately 200 days per year and because calories
consumed by youth at lunch represent only ¼ of their total daily
caloric intake (Garriguet, 2004), the lunchtime meal during the
school week only contributes to a small proportion of total energy
intake. There are also several other non-dietary determinants of
obesity that need to be taken into consideration such as a lack of
moderate- to vigorous-intensity physical activity (Rennie et al.,
2005), too much sedentary behavior (Prentice-Dunn and Prentice-
Dunn, 2011; Rey-Lopez et al., 2008), and a lack of sleep (Chen et al.,
2008). Thus, the lack of association between the school food retail
environment and obesity is not surprising as the present study
looked at one environmental factor in isolation.
As with all studies, this one has several limitations. First, this
study only examined the chain food retail environment surrounding
schools in relation to lunchtime eating behaviors. It is possible that
youth purchase food from food retailers surrounding their school at
snack time or when traveling to and from school. In addition, the
chain retail environment surrounding youths’ homes is also impor-
tant and needs consideration to fully understand the eating beha-
viors of youth. Third, chip trucks/vans and independent fast food
retailers and cafe´s were not captured in our food retailer measures.
This likely resulted in non-differential misclassiﬁcation of the food
retailer exposure groups, particularly in Scotland, and underesti-
mated associations. Fourth, only a single data source (Yellow Pages)
was used in locating food retailers around schools which may have
led to measurement error. Fifth, the 1 km buffer used to capture
food retailers around schools was based on a circular buffer and thus
does not reﬂect how people travel using a road network. Sixth,
student0s self-reported heights and weights were used to calculate
BMI. Students tend to overestimate their height and to under-
estimate their weight (Sherry et al., 2007; Shields et al., 2008) likely
biasing effects toward the null. Finally, several potential confound-
ing variables (e.g., school food policies, school meal program
participation, urban/rural status of the school, etc.) were not avail-
able for all three countries and thus were not included in the
analyses. Additional analyses conducted within the Canadian sample
indicated that urban/rural status was an effect modiﬁer of the
Table A1
Chain food retailers included in food retailer measures according to country.
Canada United Kingdom Unites States
Retailer Sales (CA$ 000) Retailer Sales (EU $000) Retailer Sales (US $000)
Chain fast food restaurants
McDonald’s 2,750,000 McDonald’s 1,815,400 McDonald’s 32,395,000
Subway 1,109,000 KFC 604,200 Subway 10,600,000
KFC 705,000 Pizza Hut 480,000 Burger King 8,710,000
A&W 645,000 Subway 454,350 Wendy’s 8,340,000
Wendy’s 559,000 Burger King 408,100 Taco Bell 6,950,000
Dairy Queen 385,000 Domino’s Pizza 376,540 Pizza Hut 5,390,000
Pizza Pizza 373,200 Nando’s 346,765 KFC 4,710,000
St. Hubert 342,000 – – SONIC Drive-Ins 3,623,476
Burger King 332,000 – – Chick-Fil-A 3,583,000
Pizza Hut 265,000 – – Domino’s Pizza 3,305,636
Harvey’s 221904 – – Arby’s 3,010,000
Quizno’s Subs 175,500 – – Jack in the Box 2,930,000
– – – – Dairy Queen 2,445,000
– – – – Papa John’s 2,097,272
– – – – Craker Barrel Old Country Store 1,911,664
– – – – Chipolte Mexican Grill 1,831,922
– – – – Hardee’s 1,695,000
– – – – Golden Corral 1,639,726
Chain cafe´s and coffee/donut shops
Tim Horton’s 4,921,434 Starbucks Coffee 520,195 Starbucks Coffee 9,070,000
Starbucks Coffee 885,000 Greggs 473,550 Dunkin’ Donuts 5,620,000
– – Costa Coffee 454,750 Panera Bread 2,916,441
– – Caffe´ Nero 204,510
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increased with an increasing number of chain retailers in urban
schools but no such patterns were observed in rural schools.
A key strength of this study was the fact that the HBSC was
designed to make cross-national comparisons, and as such com-
parable study methods and designs were used in Canada, Scot-
land, and the US. Cross-national comparisons such as this are
lacking and are needed to help determine the consistency of the
effects of the food environment on eating behaviors in different
parts of the world, which could provide guidance regarding
international policy development and action.
In conclusion, the results from this study suggest that cross-
national differences exist in the food environment surrounding
schools, the lunchtime eating behaviors of students, and the rela-
tions between these variables. The cross-national differences in the
association between the food retail environment and eating beha-
viors may be explained by several cultural, behavioral, and/or
environmental differences. While youth obesity is an issue in all
three countries studied, our ﬁndings suggest that policies aimed at
improving the food retail environment surrounding schools may
distinctly beneﬁt the eating behavior of Canadian students. How-
ever, it must be noted that cross-national comparisons are very
difﬁcult to conduct due to national differences in the food environ-
ment and school policies. Therefore, future studies are needed
whereby such variables are evaluated and compared.
Acknowledgments
The HBSC is a WHO/Euro collaborative study; International
Coordinator of the 2009–2010 study is Candace Currie,
St. Andrews University, Scotland; Data Bank Manager is Oddrun
Samdal, University of Bergen, Norway. This Canadian HBSC
(PI: John Freeman, William Pickett) was funded by the Public
Health Agency of Canada, Health Canada, the Canadian Institutes
of Health Research (MOP 97962), and the Heart and Stroke
Foundation of Canada (PCR 101415). The Scottish HBSC
(PI: Candace Currie) was supported by NHS Health Scotland. The
US HBSC (PI: Ronald J Iannotti) was partially supported by theIntramural Research Program of the Eunice Kennedy Shriver
National Institute of Child Health and Human Development and
the Maternal and Child Health Bureau of the Health Resources
and Services Administration. M He´roux was supported by a
Canadian Institutes of Health Research doctoral award and I
Janssen was supported by a Canada Research Chair award.Appendix A
See Table A1.References
Apparicio, P., Cloutier, M.S., Shearmur, R., 2007. The case of Montreal0s missing
food deserts: evaluation of accessibility to food supermarkets. International
Journal of Health Geography 6, 4–16.
Austin, S.B., Melly, S.J., Sanchez, B.N., Patel, A., Buka, S., Gortmaker, S.L., 2005.
Clustering of fast-food restaurants around schools: a novel application of
spatial statistics to the study of food environments. American Journal of Public
Health 95, 1575–1581.
Bowker, S., Crosswaite, C., Hickman, M., McGufﬁn, S., Tudor-Smith, C., 1999. The
healthy option—a review of activity on food and nutrition by UK schools
involved in the European Network of Health Promoting Schools. British Food
Journal 101, 610–620.
Bowman, S.A., Gortmaker, S.L., Ebbeling, C.B., Pereira, M.A., Ludwig, D.S., 2004.
Effects of fast-food consumption on energy intake and diet quality among
children in a national household survey. Pediatrics 113, 112–118.
Campbell, D., 2010. Takeaway Ban Near Schools to Help Fight Child Obesity. The
Observer. From: /http://www.guardian.co.uk/society/2010/feb/28/takeaway-
food-school-banS (accessed 24.01.12).
Chen, X., Beydoun, M.A., Wang, Y., 2008. Is sleep duration associated with
childhood obesity? A systematic review and meta-analysis. Obesity 16,
265–274.
Christian, M., Gerefﬁ, G., 2010. The marketing and distribution of fast food. In:
Freemark, M. (Ed.), Pediatric Obesity: Etiology, Pathogenesis, and Treatment.
Springer, New York, NY, pp. 439–450.
Cole, T.J., Bellizzi, M.C., Flegal, K.M., Dietz, W.H., 2000. Establishing a standard
deﬁnition for child overweight and obesity worldwide: international survey.
British Medical Journal 320, 1240–1243.
Cummins, S., Macintyre, S., 2006. Food environments and obesity—neighbourhood
or nation? International Journal of Epidemiology 35, 100–104.
Currie, C., Gabhainn, S., Godeau, E., Roberts, C., Smith, R., Currie, D., Pickett, W.,
Richter, M., Morgan, A., Barnekow, V., 2008. Inequalities in Young People’s
M. He´roux et al. / Health & Place 18 (2012) 1240–1247 1247Health: HBSC International Report From the 2005/2006 Survey WHO. Health
Policy for Children and Adolescents. World Health Organization, Scotland.
Currie, C., Griebler, R., Inchley, J., Theunissen, A., Molcho, M., Samdal, O., Dur, W.
2011. Health Behaviour in School-Ached Children (HBSC) Study Protocol:
Background, Methodology and Mandatory Items for the 2009/10 Survey.
CAHRU & Vienna, LBIHPR, Edinburgh.
Currie, J., Vigna, S.D., Morettl, E., Vikram, P., 2010. The effect of fast food
restaurants on obesity and weight gain. American Economic Journal: Economic
Policy 2 (2), 34–68.
Davis, B., Carpenter, C., 2009. Proximity of fast-food restaurants to schools and
adolescent obesity. American Journal of Public Health 99, 505–510.
Feng, J., Glass, T.A., Curriero, F.C., Stewart, W.F., Schwartz, B.S., 2010. The built
environment and obesity: a systematic review of the epidemiologic evidence.
Health & Place 16, 175–190.
Finkelstein, D.M., Hill, E.L., Whitaker, R.C., 2008. School food environments and
policies in US public schools. Pediatrics 122, e251–e259.
Fleischhacker, S.E., Evenson, K.R., Rodriguez, D.A., Ammerman, A.S., 2010.
A systematic review of fast food access studies. Obesity Reviews 12, e460–e471.
Fox, M.K., Gordon, A., Nogales, R., Wilson, A., 2009. Availability and consumption of
competitive foods in US public schools. Journal of the American Dietetic
Association 109, S57–S66.
Fraser, L.K., Edwards, K.L., Cade, J., Clarke, G.P., 2010. The geography of fast food
outlets: a review. International Journal of Environmental Research and Public
Health 7, 2290–2308.
French, S.A., Story, M., Neumark-Sztainer, D., Fulkerson, J.A., Hannan, P., 2001. Fast
food restaurant use among adolescents: associations with nutrient intake,
food choices and behavioral and psychosocial variables. International Journal
of Obesisty and Related Metabolic Disorders 25, 1823–1833.
Garriguet, D., 2004. Nutrition: Findings from the Canadian Community Health
Survey: Overview of Canadians’ Eating Habits. Statistics Canada, Catalogue no.
82-620-MIE—No. 2.
Glanz, K., Sallis, J.F., Saelens, B.E., Frank, L.D., 2005. Healthy nutrition environ-
ments: concepts and measures. American Journal of Health Promotion 19,
330–333.
Hawkes, P., Chopra, M., Friel, S., 2009. Globalization, trade, and the nutrition
transition. In: Labonte´, R., Schrecker, T., Packer, C., Runnerls, V. (Eds.),
Globalization and Health: Pathways, Evidence and Policy. Routledge Taylor &
Francis Group, New York, NY, pp. 235–262.
Holsten, J.E., 2009. Obesity and the community food environment: a systematic
review. Public Health Nutrition 12, 397–405.
Howard, P.H., Fitzpatrick, M., Fulfrost, B., 2011. Proximity of food retailers to
schools and rates of overweight ninth grade students: an ecological study in
California. BMC Public Health 11, 68–75.
Janssen, I., Katzmarzyk, P.T., Boyce, W.F., Vereecken, C., Mulvihill, C., Roberts, C.,
Currie, C., Pickett, W., 2005. Comparison of overweight and obesity prevalence
in school-aged youth from 34 countries and their relationships with physical
activity and dietary patterns. Obesity Review 6, 123–132.
Johnston, L.D., O0Malley, P.M., Delva, J., Bachman, J.G., Schulenberg, J.E., 2007.
Youth, Education, and Society Results on School Policies and Programs:
Overview of Key Findings, 2006. Institue for Social Research, University of
Michigan, Ann Arbor, MI.
Laska, M.N., Hearst, M.O., Forsyth, A., Pasch, K.E., Lytle, L., 2010. Neighbourhood
food environments: are they associated with adolescent dietary intake, food
purchases and weight status? Public Health Nutrition 13, 1757–1763.
Macintyre, S., McKay, L., Cummins, S., Burns, C., 2005. Out-of-home food outlets
and area deprivation: case study in Glasgow, UK. The International Journal of
Behavioral Nutrition and Physical Activity 2, 16–33.
McDonald’s Inc, 2009. McDonald’s Corporation 2008 Annual Report. Oak Brook Il.
From: /http://www.zonebourse.com/MCDONALD-S-CORPORATION-4833/pdf/
120538/McDonald’s%20Corporation_Rapport-annuel.pdfS (accessed 12.04.11).
Nicklas, T.A., Baranowski, T., Cullen, K.W., Berenson, G., 2001. Eating patterns,
dietary quality and obesity. Journal of the American College of Nutrition
20, 599–608.Nielsen, S.J., Siega-Riz, A.M., Popkin, B.M., 2002. Trends in food locations and
sources among adolescents and young adults. Preventive Medicine 35,
107–113.
O0Toole, T.P., Anderson, S., Miller, C., Guthrie, J., 2007. Nutrition services and foods
and beverages available at school: results from the School Health Policies and
Programs Study 2006. The Journal of School Health 77, 500–521.
Pasch, K.E., Lytle, L.A., Samuelson, A.C., Farbakhsh, K., Kubik, M.Y., Patnode, C.D.,
2011. Are school vending machines loaded with calories and fat: an assess-
ment of 106 middle and high schools. The Journal of School Health 81,
212–218.
Popkin, B.M., 1993. Nutritional patterns and transitions. Population and Develop-
ment Review 19, 138–157.
Prentice-Dunn, H., Prentice-Dunn, S., 2011. Physical activity, sedentary behavior,
and childhood obesity: a review of cross-sectional studies. Psychology, Health
& Medicine, e1–19.
Rennie, K.L., Johnson, L., Jebb, S.A., 2005. Behavioural determinants of obesity. Best
Practice & Research Clinical Endocrinology & Metabolism 19, 343–358.
Rey-Lopez, J.P., Vicente-Rodriguez, G., Biosca, M., Moreno, L.A., 2008. Sedentary
behaviour and obesity development in children and adolescents. Nutrition,
Metabolism, and Cardiovascular Diseases 18, 242–251.
Roverner, A.J., Nansel, T.R., Wang, J., Iannotti, J., 2011. Food sold in school vending
machines is associated with overall student dietary intake. Journal of Adoles-
cent Health 48, 13–19.
Sallis, J.F., Glanz, K., 2006. The role of built environments in physical activity,
eating, and obesity in childhood. Future Child 16, 89–108.
Schmidhuber, J., Shetty, P., 2005. The nutrition transition to 2030. Why developing
countries are likely to bear the major burden. Food Economics—Acta Agri-
culturae Scandinavica 2, 150–166.
Seliske, L., Pickett, W., Boyce, W.F., Janssen, I., 2009. Association between the food
retail environment surrounding schools and overweight in Canadian youth.
Public Health Nutrition 12, 1384–1391.
Sherry, B., Jefferds, M.E., Grummer-Strawn, L.M., 2007. Accuracy of adolescent self-
report of height and weight in assessing overweight status: a literature review.
Archives of Pediatrics & Adolescent Medicine 161, 1154–1161.
Shields, M., Gorber, S.C., Tremblay, M.S., 2008. Estimates of obesity based on self-
report versus direct measures. Health Reports/Statistics Canada, Canadian
Centre for Health Information 19, 61–76.
Sturm, R., 2008. Disparities in the food environment surrounding US middle and
high schools. Public Health 122, 681–690.
Sturm, R., Cohen, D.A., 2009. Zoning for health? The year-old ban on new fast-food
restaurants in South LA. Health Affairs 28, 1088–1097.
van der Horst, K., Timperio, A., Crawford, D., Roberts, R., Brug, J., Oenema, A., 2008.
The school food environment associations with adolescent soft drink and
snack consumption. American Journal of Preventive Medicine 35, 217–223.
Wang, Y., Lobstein, T., 2006. Worldwide trends in childhood overweight and
obesity. International Journal of Pediatr Obesity 1, 11–25.
WHO, 1998. Obesity: Preventing and Managing the Global Epidemic World Health
Organization, Geneva.
Wills, W., Backett-Milburn, K., Gregory, S., Lawton, J., 2005. The inﬂuence of the
secondary school setting on the food practices of young teenagers from
disadvantaged backgrounds in Scotland. Health Education Research 20,
458–465.
Wrigley, N., Warm, D., Margetts, B., 2003. Deprivation, diet, and food-retail access:
ﬁndings from the Leeds ‘food deserts’ study. Environment and Planning
35, 151–188.
Young, I., de Boer, F.A., Mikkelsen, B.E., Rasmussen, V.B., 2005. Healthy eating at
school: a European forum. Nutrition Bulletin 30, 85–93.
Young, L.R., Nestle, M., 2002. The contribution of expanding portion sizes to the US
obesity epidemic. American Journal of Public Health 92, 246–249.
Zenk, S.N., Powell, L.M., 2008. US secondary schools and food outlets. Health &
Place 14, 336–346.
